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Summary
Th e crude protein content amino acid content and amino acid composition of 
four forage and milling quality winter wheat varieties (‘Magor’, ‘Hunor’, ‘Róna’ 
and ‘Kondor’) from their samples from fi ve following years (2003, 2004, 2005, 
2006 and 2007) were analysed. 
Th e crude protein content of the examined 20 samples of winter wheat varieties 
were between 11.2 – 14.6 % on dry matter base. 
We found that quantity of essential and non essential amino acids rose with 
increase in crude protein content. Th e dynamics of quantitative growth was 
signifi cantly diff erent. We established that, when crude protein content increases 
for 0.1 %, the essential amino acid content rises by 0.3 g and the non essential 
amino acid content increases by more than its double, 0.67 g.
By examination of amino acid composition of the protein in relation to crude 
protein content we found that the crude protein content increased the rate of the 
non essential amino acids, while the rate of essential amino acids decreased. 
To confi rm these facts, we analysed the quantity of the limiting amino acid of 
wheat (lysine) in term of the protein content. We found that, as all the essential 
amino acids, the quantity of the lysine decreased with increase in crude protein 
content. 
To determine the biological value we used the data of ideal food, worked out by 
the FAO/WHO, which contents the essential amino acids in optimal quality and 
quantity. We established that as crude protein content increased, the biological 
value of the protein decreased.
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Introduction
Th e more eff ective management of the available fodder-
, and feedprotein of the farms – or the country – requires 
that the appreciation of proteins should play a bigger role 
in the chemical analysis, biological tests and in the practice 
(Hajas, 1981). 
Increasing the dose of fertilizer causes the increasing of 
crude protein content of the wheat (Tanács el al., 1995). Izsáki 
(2006) established that with increasing dose of nitrogen fer-
tilizer, quantity of some amino acids rose by 7-20 %. 
Győri and Bocz (1982) analysed the quality of Jubilejnaja-50 
winter wheat variety, under the eff ect of fertilization. Th ey 
found that the eff ect of fertilization increased the protein 
content, and changed the protein composition of the wheat. 
Test of Sonntag and Michael (1973) proved that all the factors, 
which aff ect increase of the crude protein content of the wheat, 
cause the decrease of the valuable components. Th e increase 
of the crude protein content in the wheat grain causes the 
change of diff erent rate of proteins (Pepó and Győri, 2007).
According to Block and Michael’s (1946) “limiting amino 
acid theory”, the utilization of the food proteins, is determined 
by the least quantity of essential amino acid of the protein. 
Withacre (1985) composed regression equations to es-
timate the lysine-, metionin- and cystine content of wheat.
Looking over the scientifi c results, the most authors agree 
with the fact that the increasing crude protein content causes 
the decrease of the more valuable components (Balogh et al., 
2007), so the increase of crude protein content aff ects the 
decrease of essential amino acid content and the biological 
value of the protein. 
Our investigations aimed to fi nd out what relation is be-
tween crude protein content and essential and non essen-
tial amino acid content and the biological value of the wheat 
protein. 
 Materials and methods
Analysed winter wheat samples were from Hungary, 
Jász-Nagykun-Szolnok County, University of Debrecen and 
Agricultural Centre Karcag Research Site. All the examined 
varieties are hard red winter wheat ones. Th e varieties exam-
ined were: ‘Magor’, ‘Hunor’, ‘Róna’ and ‘Kondor’. We analysed 
20 representative samples of the four winter wheat varieties, 
from 2003 to 2007. 
Laboratory tests were conducted in the Analytical 
Laboratory of University of Kaposvár and Central Laboratory 
of the University of Debrecen, Centre of Agricultural Sciences. 
We analysed the moisture and crude protein content accord-
ing to MSZ 6830 standard. 
Th e moisture content was determined from 5 g ground 
material aft er drying in cupboard at 130 °C for two hours. 
Th e protein content was determined by Kjeldahl-method 
from 1 g ground material aft er concentrated sulphuric acid 
destruction and ammonia discharging, with KJELTECH 
2300 ANALYZER. 
Th e amino acid composition was determined according to 
the work of Csapó and Csapóné (1985) and Csapó et al. (1986), 
with INGOS AAA amino acid analyser by acidic hydrolysis. 
We used MORUP- and OLESEN’s (1973) biological value 
to determine the biological values of the wheat samples by 
their protein composition. Th is way we compared the amino 
acid quantity of the sample with data of the reference protein 
worked out by the FAO/WHO (Table 1). 
Biological value = 10 2.15 x Q (lys) 0.41 x Q (arom) 0.60 x Q 
(sulf) 0.77 x Q (thr) 2.41 x Q (trp) 0.21 
where:
Q = a/aref, a = the certain essential amino acid/total es-
sential amino acid in the examined protein, aref = the certain 
essential amino acid/total essential amino acid in the refer-
ence protein, arom = aromatic amino acids (tyr, phe), sulf = 
sulphureous amino acids (cys, met).
Th e results of the tests were evaluated by 11.5 for Windows 
and Excel 6.0 for Windows programs, the fi gures and tables 
were made by Excel 6.0 for Windows program. In order to 
more precisely identify the trends in the diagrams, smoothed 
the average values were indicated and there were also trend-
lines to illustrate the directions of the changes.
We examined the relations between the quality of crude 
protein content, amino acid composition and biological value 
of proteins with linear regression analysis.
Results and discussion
Th e crude protein content of the examined 20 samples 
of winter wheat varieties were between 11.2 – 14.6 % on dry 
matter base. Th e amino acid content can be analysed in term 
of 100 g wheat, in this case we can get information about the 
quantity of amino acids, on the other hand we can analyse 
the amino acid content in term of 100 g protein, when we 
can get information about the quality of the wheat protein.
Connection of crude protein and amino acid content in 
relation to quantity. We found that quantity of essential and 
non essential amino acids rose with increase in crude pro-
tein content. Th e dynamics of quantitative growth was sig-
nifi cantly diff erent. We established that, when crude protein 
content increase for 0,1%, the essential amino acid content 
rises by 0.3 g and the non essential amino acid content in-
creases by more than its double, 0.67 g (Figure 1).
Table 1. Th e amino acid quantity of the reference protein by FAO/WHO (1973)
Essencial amino acid Trp Phe + Tyr Leu Ile Thr Met + Cys Lys Val 
Reference protein concentration (g/100g) 1.0 6.0 7.0 4.0 4.0 3.5 5.5 5.0 
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Connection of crude protein and amino acid content in re-
lation of quality. By examination of amino acid composition 
of the protein in relation to crude protein content we found 
that the crude protein content increased the rate of the non 
essential amino acids, while the rate of essential amino acids 
decreased (Figure 2.).
To confi rm these facts, we analysed the quantity of the 
limiting amino acid of wheat (lysine) in term of the protein 
content. We found that, as all the essential amino acids, the 
quantity of the lysine decreased with increase in crude pro-
tein content (Figure 3). 
Connection of crude protein and the biological value. To 
determine the biological value we used the datas of ideal food, 
worked out by the FAO/WHO (1973), which contents the es-
sential amino acids in optimal quality and quantity. 
We established that as crude protein content increased, 
the biological value of the protein decreased (Figure 4.).
Conclusions
We established that the quantity of essential and non es-
sential amino acids of the samples of the examined winter 
wheat varieties rose with increase in crude protein content. 
Th e quantity of essential amino acids in the wheat pro-
tein decreased, the same as the quantity of the limiting amino 
acid, the lysine. 
y = 0.0673x + 6.5726
R2 = 0.9667














































y = 0.031x + 61.631
R2 = 0.2232
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Figure 1. Changes of the quantity of essential and non 
essential amino acids plotted against crude protein content 
(Karcag, 2003-2007)
Figure 2. Changes of the essential and non essential amino 
acids of the protein by crude protein content (Karcag, 2003-
2007)














































































































Figure 3. Changes of the lysine content of the wheat protein 
plotted against crude protein content (Karcag, 2003-2007)
Figure 4. Changes of the biological value of the wheat 
protein by crude protein content (Karcag, 2003-2007)
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On the other hand, the quantity of non essential amino 
acids increased with increase in crude protein content, con-
sequently the increasing crude protein content decreased the 
biological value of the protein (Table 2). 
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Amino acid quantity (g/100g wheat) Amino acid quantity (g/100g protein) Winter wheat 
varieties 
Crude 
protein (%) Essential Non essential Essential Non essential 




Róna 12.04 4.25 7.48 35.70 61.64 2.80 38.10 
Kondor 12.40 4.33 7.43 35.42 61.82 2.76 37.70 
Magor 12.30 4.32 7.61 35.16 62.26 2.75 36.70 
Hunor 13.16 4.51 8.07 34.80 62.32 2.70 28.60 
Table 2. Th e average crude protein, essential amino acid and the non essential amino acid content and biological value of the 
examined winter wheat varieties
